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Introduction

-

The mission of the National Institute on Drug Abuse
(NIDA) is to lead the Nation in bringing the power of science
to bear on drug abuse and addiction. This charge has two
critical components: (1) to support and conduct research
across a broad range of disciplines and (2) to ensure the

rapid and effective dissemination and use of research results
to improve practice and inform policy. The ultimate goal

of NIDA’s drug abuse research program is to reduce the
burden of drug abuse and addiction” and their many adverse consequences
for individuals and society at large. By advancing the science of addiction,
NIDA is helping to change people’s perceptions, replacing stigma and shame
with a new understanding of addiction as a treatable disease. Much like any
other medical disease, addiction demands a public health solution.

Indeed, NIDA-supported scientific advances over the past three decades
have revolutionized our understanding of drug abuse and addiction. We
have informed the development of more effective prevention and treatment
approaches and have identified areas where more work is needed. For
example, while our national research surveys show continuing declines

in illicit drug use among teens—down 19 percent since 2001, according

to NIDA’s 2009 Monitoring the Future (MTF) survey of 8th-, 10th-, and
12th-graders—difficult challenges remain. These challenges include the
persistence of chronic drug abuse in a considerable number of teens (e.g.,

5 percent of 12th-graders are daily marijuana users, a level statistically
unchanged since 2001)" and the high rates of prescription drug abuse among
both adolescents and adults. This trend has prompted a near-doubling of
unintentional poisoning deaths nationwide since 1999, mainly from opioid
analgesic abuse (see “Emerging Issues and Challenges”).

* “Drug abuse,” as used throughout this report, refers to the repeated use of licit or illicit psychoactive
substances, which may or may not lead to “addiction,” which is defined as a complex brain disease
characterized by compulsive, at times uncontrollable, drug craving, seeking, and use that persist even
in the face of extremely negative consequences. These definitions differ from those in the Diagnostic
and Statistical Manual of Mental Disorders (DSM), which provides diagnostic criteria for drug abuse
and dependence, and does not in its present form include the term “addiction.” We use the term
“addiction” to refer to what the DSM defines as “dependence.”
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We must continue to aggressively meet these challenges and work to prevent
the often devastating consequences of drug abuse and addiction that affect
all segments of society. Economic costs alone are estimated to exceed one-
half trillion dollars annually in the United States—including health- and
crime-related costs, as well as productivity losses, such as those stemming
from workplace injuries and accidents. In 2008, 20 million Americans, or 8
percent of the population, aged 12 or older were current (past-month) illicit
drug users.* Staggering as these numbers are, however, they do not fully
describe the breadth of deleterious public health—and safety—implications,
which include family disintegration, loss of employment, accidents, failure
in school, and domestic violence and other crimes. Substance use and abuse
can also exacerbate a variety of health problems, including the spread

of infectious diseases such as HIV/AIDS, sexually transmitted diseases
(STDs), tuberculosis, and hepatitis C. Frequently comorbid with other
mental disorders, drug abuse also contributes significantly to the risk of
suicide and suicidal behaviors.*

It is plain to see that drug abuse is a ubiquitous, complex, and urgent
problem that affects us all. Thus, NIDA continues to engage multiple
stakeholders across the community in efforts to integrate substance abuse
and addiction diagnosis, referral, and treatment into standard medical
practice as well as criminal justice settings, where drug abuse problems are
widespread. These settings offer good opportunities for treatment, which can
have considerable societal impact.

The pages that follow describe broad strategies that NIDA plans to implement
over the coming years. A flexible, dynamic approach allows us to adapt to
changing needs and take advantage of scientific opportunities as they arise and
are revealed through our ongoing research.

Nora D. Volkow, M.D.
Director, NIDA
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Executive Summary

For the past three decades, the National Institute on Drug Abuse (NIDA) has led the
way in supporting research to prevent and treat drug abuse and addiction and mitigate
the impact of their consequences, which include the spread of HIV/AIDS and other
infectious diseases. To confront the most pressing aspects of this complex disease and
to tackle its underlying causes, our strategic approach is necessarily a multipronged
one. It takes advantage of research programs in basic, clinical, and translational
sciences. This includes genetics, functional neuroimaging, social neuroscience,
medication and behavioral therapies, prevention, and health services, including
effectiveness and cost-effectiveness research. Our burgeoning portfolio has given us a large and
growing body of knowledge that informs our strategic directions for the future. These directions
are grouped into four major goal areas, reflected in the sections that follow:

I. PREVENTION

II. TREATMENT

III. HIV/AIDS

IV. CROSS-CUTTING PRIORITIES

These four sections and accompanying strategic goals and objectives are summarized below.

Strategic goal: To prevent the initiation of drug use and the escalation to
addiction in those who have already initiated use.

Our prevention research has led to today’s
improved understanding of addiction and
has positioned NIDA to build upon solid
epidemiological findings and new insights
from genetics and neuroscience. Findings
have revealed myriad contributors to
addiction and the involvement of multiple
brain circuits in addiction processes. A major
goal of our efforts is to better understand
why some people become addicted while
others do not. Our prevention efforts
encompass both illicit and licit drugs, such
as nicotine and prescription medications. We
support research that strives to identify the
factors that put people at increased risk of
drug abuse or protect them from it. Results
will lead to more effective counterstrategies,
particularly to prevent young people from
ever using drugs in the first place. We are
applying modern technologies (e.g., genetics
and brain imaging tools) to our

prevention studies and are devising creative
and targeted communications strategies to
encourage their use.

NIDA'’s Prevention Objectives Include:

1. To identify the characteristics and patterns
of drug abuse.

2. To understand how genes, environment,
and development influence the various
risk and protective factors for drug abuse.

3. To improve and expand our understanding
of basic neurobiology as it relates to the
brain circuitry underlying drug abuse and
addiction.

4. To apply this knowledge toward the de-
velopment of more effective strategies to
prevent people from ever taking drugs and
from progressing to addiction if they do.
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Strategic goal: To develop successful treatments for drug abuse and addiction
and improve treatment accessibility and implementation.

Given the complex interactions of biological,
social, environmental, and developmental
factors that underlie drug abuse and
addiction, NIDA acknowledges the need to
take a “whole systems” approach to treating
this disease. We are well-positioned to
capitalize on recent discoveries that have
uncovered an expanded range of possible
brain targets that affect craving, euphoria,
motivation, learning, memory, and inhibitory
control—key contributors to addiction and
relapse. To bring about more customized
treatments, our comprehensive therapeutic
research portfolio pushes for more effective
medication and behavioral therapies.
Innovative approaches that consider genetic
variation, comorbid conditions (e.g., mental
illness, chronic pain), and the addicted
person’s changing needs over time will
usher in promising medications to counteract
drug-induced changes in the brain and
enhance behavioral therapies. Effectiveness
research helps us optimize strategies for
disseminating and implementing research-

based treatments in health care and criminal
justice settings. This objective requires that
we continue to strengthen our productive
partnerships with treatment practitioners,
state substance abuse programs, and other
Federal agencies to move proven treatments
into clinical practice at the community level.

NIDA'’s Treatment Objectives Include:

1. To develop effective medications and
behavioral interventions to treat drug
abuse and addiction and to prevent
relapse.

2. To develop treatments for drug abuse and
addiction in association with comorbid
conditions.

3. To develop the knowledge that leads to
personalized or customized treatments.

4. To translate research-based treatments to
the community.

lil. HIV/AIDS

Strategic goal: To diminish the spread of drug abuse-related human
immunodeficiency virus (HIV) and minimize the associated health and social
consequences, including acquired immunodeficiency syndrome (AIDS).

Drug abuse continues to be a major vector
for the spread of HIV/AIDS through its
connection with other risky behaviors, such
as needle sharing and unprotected sex. Our
research advances the less-acknowledged
link between drug abuse in general and the
resulting impaired judgment that can lead to
risky sexual behavior and HIV transmission.
This linkage highlights the value of drug
abuse treatment in preventing the spread

of HIV. We plan to continue supporting
primary prevention research to find the most

effective HIV risk-reduction interventions
for different populations. Young people are
a major focus for these efforts, prompting
strategies that start early and can be
adapted as the individuals age. NIDA also
supports research to develop effective
secondary prevention strategies designed
to reduce HIV transmission. This includes
seeking out the best ways to incorporate
HIV education, testing, counseling, and
treatment referral, and supporting research
to identify and overcome barriers such as
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stigma and access to treatment for HIV and NIDA’s HIV/AIDS Objectives Include:
drug abuse. NIDA also sponsors research to
learn more about the multiple interactions that
occur with neurological complications from
HIV, substance abuse, and other comorbid
psychiatric disorders. This knowledge can
inform the development of more responsive 2
counterinterventions. Additionally, we

continue to target HIV/AIDS-related health
disparities and integrate HIV/AIDS initiatives
worldwide.

1. To support research to better understand
the etiology, pathogenesis, and spread
of HIV/AIDS among drug-abusing
populations.

. To help prevent the acquisition (primary
prevention) and transmission (secondary
prevention) of HIV among drug abusers
and their partners.

3. To decrease the health disparities
associated with HIV/AIDS.

4. To support international research on the
intertwined epidemics of drug abuse and
HIV/AIDS.

5. To improve HIV treatment and outcomes
in drug abusers through a better under-
standing of interactions with drugs of
abuse, HIV/AIDS disease processes, and
the medications used to treat both.

IV. Cross-Cutting Priorities

Several additional priority areas span NIDA'’s portfolio and contribute to our
overall mission to prevent or reduce drug abuse and addiction. These areas are

highlighted below.

1. To foster research on other health 4. To train and attract new investigators
conditions that may inform, influence, with diverse experiences—including
or interact with drug abuse and addiction those from minority or disadvantaged
(e.g., pain, compulsive behavioral disor- backgrounds—and to actively recruit
ders). chemists, physicists, bioengineers, and

mathematicians to conduct translational

2. To decrease health disparities related to research on drug abuse.

drug addiction and its consequences.
5. To promote collaborative international

3. To educate a variety of audiences (e.g., research activities that address nicotine
criminal justice, medical, and educational addiction, HIV/AIDS, and emerging
systems in the community; media; and trends, as well as training and dissemina-
legislators) about the science underlying tion of science-based information on drug
drug abuse. abuse.



Focus on Prescription Drugs

Unlike illicit drug use, which shows a continuing downward trend, prescrip-
tion drug abuse—particularly of stimulants and opioid pain medications—
has seen a continual rise through the 1990s, and since 2002 has been at
unacceptably high levels among persons age 12 or older.5

. ——

8 of the top 13 drugs most commonly abused by high
school seniors are prescription or over-the-counter

35 -
Nature and Scope 30 -

of the Problem
25

In 2008, approximately 20
6 million Americans
reported current (in the
past month) nonmedical
use’ of prescription
drugs—more than the
number abusing cocaine,

heroin, hallucinogens, & 6\‘}(@
and inhalants combined.® i @Qo? R
According to the Go“'g
Monitoring the Future
(MTF) survey supported
by NIDA, 8 of the top 13
drugs most commonly
abused by high school (&
seniors are either

prescribed or purchased

over the counter (see Figure 1-1).

15

Past-Year Drug Abuse Among 12th-Graders, 2009

Source: University of Michigan, 2008 Monitoring the Future Survey

While the MTF surveys students in the in past-month, past-year, and lifetime

8th, 10th, and 12th grades, other survey non-medical use between 2002 and 2008
research shows that young adults ages (National Survey on Drug Use and Health
18-25 are by far the greatest users [NSDUH], 2009). Even though not prescribed
overall. This age group also shows the for them, many are using prescription drugs
biggest increases, compared to others, for their intended purposes, such as to

¥ The terms “prescription drug abuse” and “nonmedical use” are used interchangeably in this document and are based on the definitions
used by most national surveys measuring nonmedical use (i.e., the intentional use of an approved medication without a prescription,
in a manner other than how it was prescribed, for purposes other than prescribed, or for the experience or feeling the medication can
produce). Misuse refers to unintentional use of an approved medication in a manner other than how it was prescribed.
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relieve pain in the case of prescription opioids,

or to enhance alertness in the case of attention-
deficit hyperactivity disorder (ADHD) medications.
A common perception is that because these are
legitimate pharmaceuticals that emanate from a
controlled system, they are less harmful than illicit
drugs. This belief is false, as evidenced by rising
numbers of people overdosing on or becoming
addicted to prescription drugs. Whether the intent is
to relieve pain, stay alert for a test, or get high, any
use without a physician’s evaluation or monitoring
can pose potentially grave health risks.

At the other end of the age spectrum is the
swelling population of older people who are
frequently prescribed psychotherapeutic drugs and
who may be especially vulnerable to the health
consequences of their abuse or misuse. This is
especially true if other medications or underlying
health conditions are involved. Thus, prescription
drug abuse and misuse affects populations of

all ages and is further complicated by differing
motivations and consequences for each.

Different Approach Needed From That
for Other Licit or lllicit Drugs

Because they can greatly benefit health as well
as pose risks, prescription drugs present several
challenges on how best to guard against their
abuse.

Some patients, such as those with chronic pain,
may require prescription painkillers to effectively
alleviate their suffering. But for these patients and
their physicians, the issues can quickly become
complex and difficult to manage. For example,
physicians may need to decide whether presenting
symptoms indicate a need to increase the dose of
an opioid analgesic to adequately manage pain, or
signal a potential drug abuse problem. Moreover,
predicting who is at greatest risk for addiction is a
difficult and increasingly relevant problem, one that
is particularly urgent for war veterans returning from
Iraq and Afghanistan who sustain serious injuries.

Thus, NIDA continues to diligently support research
in this area, including pursuing pain medications
that have little or no addiction liability.

Another challenge involves crafting prevention
messages to effectively combat the abuse of
prescription drugs without alarming patients who
need them. Because physicians are usually the
prescribers of these medications, involving them in
our efforts to curb prescription drug abuse is critical.
Dramatic increases in the number of prescriptions
written, greater social acceptance of using medica-
tions, and aggressive marketing by pharmaceutical
companies have likely contributed to the current
broad “environmental availability” of prescription
drugs (see Figure 1-2). This notion is consist-

ent with 2008 NSDUH survey data wherein most
people report obtaining prescription drugs from
friends and family members for whom they were
prescribed. Thus, physicians need to be cognizant
of the various risks and serve as the front-line re-
sponders when a problem is suspected, particularly
if a patient may be developing abuse or addiction
problems. NIDA continues to engage physicians
and physicians-in-training to raise their awareness.

We are bolstering efforts to test and evaluate
treatments for addiction to prescription drugs,
tailoring interventions according to type of
medication and reason for its abuse. These
variables are often biased by age and gender.

To stay on top of who is using and why, NIDA-
supported researchers continue to gather
information about the latest trends through
large-scale epidemiological studies investigating
the patterns and sources of nonmedical use,
particularly in high school and college students.
These years are often when young people initiate
or increase their abuse of prescription medications
and other drugs.

Again, our approach must address the question of
balance, which is difficult to achieve, so that people
suffering from chronic pain, ADHD, or anxiety can
get the relief they need while minimizing abuse
potential.
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Dramatic increases in stimulant and opioid prescriptions

Stimulant prescriptions increase 8-fold
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I. Prevention

~
Strategic Goal
To prevent the initiation of drug use and the escalation to addiction in
those who have already initiated use.
Objectives
1. To identify the characteristics and patterns of drug abuse.
2. To understand how genes, environment, and development influence
the various risk and protective factors for drug abuse.
3. To improve and expand our understanding of basic neurobiology as
it relates to the brain circuitry underlying drug abuse and addiction.
4. To apply this knowledge toward the development of more effective
strategies to prevent people from ever taking drugs and from
progressing to addiction if they do.
N J

Introduction: The Value of Research-Based
Prevention Approaches

The basic and clinical research sponsored by NIDA for more than 30 years

has led to a vast and growing body of knowledge that informs our strategic
directions for the future. And while multiple challenges remain, NIDA continues
to capitalize on opportunities to meet our short- and long-term goals. These are,
respectively, to prevent those who are abusing drugs from intensifying their
abuse and becoming addicted, and to develop and deploy the best strategies to
prevent drug use.

This expanding body of knowledge is leading to evidence-based prevention
strategies that build upon solid epidemiological, genetic, and neuroscience
research. Our prevention portfolio continues to examine the impact of both
micro- (e.g., family, peers) and macro- (e.g., poverty, stigma) environments,
using a data-driven approach to prevent drug abuse and addiction in all
populations.

Although NIDA recognizes that addiction only affects a subset of those
exposed, any illicit or inappropriate drug exposure can place an individual
at risk for serious health consequences. Even a one-time drug experience

10
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could lead to accidents (e.g., drugged
driving) or disease (e.g., HIV/AIDS)
stemming from drug intoxication. Addiction is a Developmental Disease
Because experimentation is a common that starts in adolescence and childhood
motivation for adolescents to use drugs,
our prevention messages must be aimed
at keeping young people from trying
drugs in the first place.

3"‘

1.6%

Indeed, the adolescent population

is of particular interest for NIDA
because drug abuse typically begins
during this period of heightened risk-
taking (see Figure 1). By supporting
epidemiological studies, such as the
MTF survey, we are able to identify
emerging trends among adolescents and
guide responsive national prevention
efforts. For example, MTF revealed that 0 15 2125 30 35 40 45

in 2008, prescription medications along Age

with over-the-counter drugs (cough Age at onset of DSM-IV , alcohol and cannabis dependence
medicine), accounted for 8 of the top 13
drug abuse categories reported by 12th-
graders’ (see “Focus on Prescription
Drugs”).

Percentage in each age group who
develop dependence

Individuals who initiate drug use early are more
likely to develop subsequent dependence.

Source: National Epidemiologic Survey on Alcohol and Related Conditions, 2003

- J

NIDA is vigorously pursuing research
on the effects of abusable substances
and how multiple factors—genes, the
environment, developmental variables,
and their interactions—influence
vulnerability to and protection
against addiction. The impact of drug
abuse varies throughout the lifespan.
NIDA therefore supports research

that spans from prenatal exposure to
older adulthood to uncover how life
transitions influence the likelihood and
trajectory of drug abuse and addiction.
Future studies will examine how
developmental shifts interact with genes

and the environment to influence disease Finally, NIDA is moving aggressively to tap into the power of

vulnerability and progression. imaging research in order to develop more effective prevention
interventions. We know that specific target audiences—
adolescents, young adults, pregnant women, and older adults—
require tailored prevention approaches to more effectively
reduce their risks and enhance the value of protective factors.

Adding to this understanding is our growing knowledge of

the multiple brain circuits associated with drug abuse and
addiction, such as those implicated in reward, inhibitory control,
emotional states, learning and memory, and interoception
(sensitivity to stimuli originating inside the body). In addition,
basic research on brain development is illuminating how age
affects the response to drugs, as well as addiction propensity and
progression. With the powerful tools of modern neuroimaging,
we can “see” how various brain mechanisms interact with drugs
of abuse to influence decisionmaking (e.g., willingness to take
risks). We can do this in real time, throughout development, and
as people engage socially.

11
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Sidebar 1

Drugs

Drug Experimentation

acological
sponse

"~ Dovelopment

J

Whether or not the exposure to drugs of
abuse will lead to addiction is a function

of the interaction between multiple
domains, including genetic background, a
person’s response to a drug, and his or her
environment and developmental stage.

Strategic Approaches to
Prevention Research

The following section is organized according to four
guiding questions to describe NIDA’s approach of using
basic, clinical, and health services research to improve
our prevention efforts.

1. How can NIDA research inform the focus of
prevention?

NIDA continues to identify areas of particular concern
and to spot trends early through our epidemiological
work in the field. We monitor national and regional
substance abuse trends through our nationwide
Community Epidemiology Work Group (CEWG), the
MTF survey, and other sources. These mechanisms help

12

us identify the who, what, where, and when
of drug abuse trends as well as associated
attitudes and consequences.

We also encourage research that capitalizes
on other databases available through our
sister Institutes and Federal agency partners,
such as the National Epidemiologic Survey
on Alcohol and Related Conditions,
sponsored by the National Institute on
Alcohol Abuse and Alcoholism (NIAAA),
and the National Survey of Parents and
Youth, sponsored by the White House Office
of National Drug Control Policy. In addition,
we support a number of longitudinal studies
that gather information on children’s
cognitive and emotional development, as
well as their vulnerability to addiction later
in life if they have been exposed to drugs.

To continue to make the most of these

rich data sources and to improve upon
them, NIDA is encouraging researchers to
include genetics in epidemiological studies,
whenever relevant, to try to zero in on
gene-environment interactions at different
developmental stages. This potential treasure
trove of genetic information, combined with
brain imaging data, is likely to reveal even
more about the trajectory of addiction and
the contribution of social-environmental
factors. This, in turn, will lead to
increasingly customized interventions for
those at risk.

2. Why do some people become addicted
while others do not?

Our research has already identified many
factors that can either enhance or mitigate an
underlying propensity to initiate or continue
drug use. Exposure to drugs is, of course,

an environmental risk factor—along with
socioeconomic status, quality of parenting,
and peer group influence, to name a few.
Advances in genetics are allowing us to
identify biological factors, such as genetic



polymorphisms (normal genetic variations)
that confer increased vulnerability or
protection. Epigenetics research—the study
of long-term changes in gene function that
result from environmental impacts—will
lead to discoveries about the dynamic
interactions of genes with environment,
along with developmental factors (see
Sidebar 1). We know that addiction is a
multifactorial, complex, and chronic disease
of the brain so a better understanding

of the many contributors to drug abuse

and addiction, and the different ways

they operate at the individual, group, and
community levels, is critical to designing
more effective prevention messages.

The influence of biological factors
on a person’s addiction risk

Numerous biological factors confer

risk of or protection against drug abuse
and addiction. These include genetics,
developmental stage, gender, comorbid
diseases, and pharmacological response
or sensitivity to a drug’s effects. As
particular biological factors emerge from
epidemiological and clinical studies, they
can be put to the test in animal models (and
possibly even in vitro) to help validate,
trace, and explore their mechanisms for
conveying addiction risk.

The use of animal models allows the
manipulation of genetic, environmental,
and developmental conditions to investigate
related changes in the brain and behavior.
NIDA researchers have developed relevant
models in different species that help reveal
various behavioral components of addiction.
For example, these models can help tease
apart susceptibility to drug taking, the role
of stress and social factors in triggering
drug-taking behaviors, and the transition
from controlled intake to compulsive drug
self-administration.

National Institute on Drug Abuse Strategic Plan

Why genes matter

A person’s genetic makeup plays an important role in his
or her addiction vulnerability and, possibly, in the decision
to take drugs in the first place. Research shows that
approximately 50 percent of the predisposition to addiction
can be attributed to genetics. However, this influence is
not a simple one. Like many complex diseases, addiction
is likely to display a multifactorial pattern of inheritance—
which means that many genes contribute, each having

a relatively small effect—influenced by environmental
factors. A better understanding of these genetic influences
is critical to our prevention efforts. Indeed, ongoing
developments in the field of high-throughput genomic
screens herald a much faster means of identifying

specific gene variants that can contribute to (or guard
against) addiction. The resulting knowledge could then

be leveraged preventively to identify people at risk, well
before a substance use disorder emerges.

In addition to the genetic vulnerabilities one is born
with, gene function or gene expression is also influenced
by environmental events. These in turn can alter brain
function and behavior, and ultimately addiction risk or
resilience. Epigenetic changes can be triggered, not just
by drug exposure, but also by factors such as maternal
behavior, aggression, and stress. Understanding the
causes and effects of epigenetic changes will engender
interventions to counter, prevent, or capitalize on them.

How a person’s environment affects his or her
risk of drug abuse or addiction

Working in concert with biological risk and protective
factors are those that stem from our environment as

we progress from fetal development to adulthood. For
example, an individual’s genetic predisposition to drug
abuse will never manifest itself without drug exposure. A
variety of factors need to be taken into account and better
characterized to fully understand what contributes to drug
abuse and addiction and what is amenable to modification.

13
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Sidebar 2

Environmental Factors Can
Increase Drug Abuse Risk

Research demonstrates a relationship
between illicit drug use and adverse
childhood experiences (ACEs). A
retrospective study cohort of 8,603 adults
who attended a primary care clinic in
California completed a survey about
childhood abuse, neglect, and household
dysfunction; illicit drug use; and other health-

\
Adverse Childhood Experiences (ACE)
and lllicit Drug Use (n = 8603

Drug Initiation

<14 years of age Ever Addicted

10+

Odds ratio
Odds ratio

0 1

2 3 4 5 0 1 2
ACE Score

3 4 5
ACE Score

ACE account for one-half to two-third of serious problems with drug use.

J

related issues. Each ACE reported increased
the likelihood for early drug use (by age 14)
two- to fourfold and raised the risk of later
addiction; people with 5 or more ACEs were
7—-10 times more likely to report illicit drug
use problems than those with none.

Why it’s important: Research is needed
to understand and evaluate the impact of
environment and experience on the initiation
of drug use and subsequent problems at

any age. Progress in reducing drug use will
demand attention to various types of stressful
experiences, such as those identified in this
study.

Source: Dube et al., 2003 — J Pediatr 111:564-572
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Social neuroscience. The initial decision to
use drugs is often made in group situations,
yet little is known about how social dynamics
influence the basic cognitive and motivational
processes that go into that decision and
others involving risky behaviors. Social
neuroscience seeks to explain social behavior
in terms of its underlying neurobiological
mechanisms (genetic, epigenetic, hormonal,
biochemical, physiological). This discipline
is being increasingly applied to understand

a range of behaviors and experiences,
including aggression, affiliation, attitudes,
social decisionmaking, moral judgment,
sexuality, communication, and others. NIDA
is encouraging basic and clinical research
that applies a social neuroscience perspective
to drug abuse and decisionmaking over the
course of a person’s lifespan.

Stress and trauma. Particularly if
experienced early in life, stress and trauma
can alter the brain and the response to stress
throughout life. In humans, subsequent social
stressors such as economic adversity, isolation,
and parental abuse and neglect are known

to influence age of first drug use, level and
duration of use, and psychiatric comorbidities.
The reasons are complex, but many people
who have experienced trauma may turn to
alcohol or other drugs to help themselves feel
better. Often, a vicious cycle ensues in which
abusing drugs to self-medicate engenders
additional stress and leads to repeated
substance abuse.

NIDA is seeking to better understand

how these variables influence drug abuse
vulnerability (see Sidebar 2) and how they
work in concert with a person’s larger
environment. Studies continue to reveal
that the interplay of biological and social
influences affects individual choices and
decisions about drugs. To learn more about
this interplay, NIDA supports research to
develop a comprehensive classification of
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social and built environments (including
family, peers, school, neighborhood,
community, and culture).

Neurobiological underpinnings. Research

is needed to unravel how environmental
factors like social stress induce brain changes
that interact with drugs of abuse and alter
behavior. We also need research to learn how
to identify ways to counter or minimize stress
effects. Animal research has begun to reveal
mechanisms by which environmental variables
can positively and negatively affect drug abuse
risk. Further, brain imaging technologies

are increasingly being used as part of drug
abuse and addiction research in both animals
and humans to illuminate how the brain is
affected by stress and social influences (e.g.,
peer pressure) within the context of drug
abuse or decisionmaking (see Sidebar 3). A
better understanding of how social and other
environmental factors influence behavior and
how they might be reversed is important for
prevention, particularly in adolescents.

Why young people are at special risk

The trajectory of drug use, abuse, and
addiction typically begins in adolescence but
sometimes even earlier. The greater risk of
young people becoming addicted involves
two major components. First, children and
adolescents are naturally inclined, and much
more likely than adults, to engage in risky
behaviors, which may include experimenting
with drugs of abuse. Current evidence—
derived mainly from human brain imaging
studies—suggests that this phenomenon stems
from still-developing brain regions involved
in judgment, decisionmaking, and emotional
control, which do not fully mature until early
adulthood (see Sidebar 4). Second, because
the young developing brain is constantly
changing—physically and functionally—the
effects of psychoactive drugs may be more
pronounced and enduring if drug use starts

Sidebar 3

Study Sheds Light on the
Underlying Connections Between
Social Stress and Drug Abuse
Behaviors

In this study, monkeys that were transferred
from isolation to group living and became
dominant in the new social structure un-
derwent biological changes that gave them

stronger
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signaling and Effects of a Social Stressor
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Source: Morgan et al., 2002 — Nat Neurosci 5:169
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Sidebar 4

Differential Rates of Brain
Maturation May Account for
Teenagers’ Risk-Taking Proclivity

This study reported that the nucleus
accumbens, a part of the brain’s reward
circuitry, matured faster than the orbital
frontal cortex, which is involved in behavioral
inhibition and control. This pattern of

brain development was associated with a
different valuing of rewards by adolescents
as compared with adults and children,
suggesting that the relative immaturity of the
orbital frontal cortex in adolescents might
underlie their propensity toward risk-taking
behavior.

Rate of maturation

~

nucleus
accumbens

orbital frontal
cortex

J

Why it’s important: These findings
suggest that maturing subcortical systems
become disproportionately activated (relative
to later maturing top-down control systems),
biasing the adolescent’s action toward
immediate gratification over long-term gains.

Source: Galvan et al., 2006 — J Neurosci 26:6885
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early. Although this question is difficult to
investigate in humans, animal studies have
provided considerable evidence supporting this
hypothesis. NIDA continues to encourage both
basic and clinical research in this area.

Even the very earliest exposure (i.e., in

utero) can affect a variety of cognitive

and mental health outcomes later in life.
Abilities related to problemsolving, memory,
learning, language, and reasoning are all
vulnerable, as is a person’s risk for addiction.
For example, prenatal exposure to nicotine
was recently shown to influence the risk

for nicotine addiction 30 years later.® This
outcome could reflect nicotine’s ability to
influence the expression of genes affecting
fundamental processes in the developing
brain. NIDA-supported longitudinal studies
of prenatal exposure to several drugs of abuse
help us understand the drug-specific impacts
on developmental outcomes. These include
outcomes affecting health, cognition, executive
function, emotion, and attention regulation.

How drug abuse risk varies across
the life span

Significant developmental shifts occur
throughout life and can shape drug abuse
trajectories. Such transitions include post-
high school, a time of greater independence
(associated with increased substance use and
progression from abuse to addiction); adult
role transitions, such as marriage, parenting,
and full-time work (associated with decreased
substance abuse); and older-age transitions,
such as retirement and age-related medical
issues (associated with increased potential for
substance abuse-related medical consequences).
Because the risk factors associated with a
person’s biology and environment vary as a
function of age, NIDA supports studies across
all age groups, with a particular focus on life
transitions.
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It is clear that the course of drug addiction
is related to both biological and cultural
transitions. However, we need to further
investigate how these developmental

shifts interact with individual genetic and
environmental backgrounds to influence the
course of the disease. Doing so will lead to
developmentally appropriate interventions.

The role of gender in drug abuse
and addiction

Research has repeatedly shown that a broad
spectrum of differences related to gender (e.g.,
social environment, physiological response to
drugs, sexual dimorphisms in brain circuitry
and hormones) can greatly influence not

only drug abuse trajectories but also the
characteristics of prevention (and treatment)
programs that work best for either females or
males.

For example, research has identified the
menstrual cycle (i.e., the estrous cycle in
animals) as a determinant of drug action—
pharmacokinetic and behavioral—in both
animals and humans. In animals, many
behavioral effects of drugs are influenced

by the estrous cycle and are eliminated by
ovariectomy and subsequently restored by
administering estradiol.” Suggestive evidence
from both animal and human studies indicates
that progesterone may also play a role in the
subjective effects of drugs and contribute to
gender differences in sensitivity to the drugs.
These differences, observed in preclinical and
clinical studies, highlight the complexities

of just one influence on behavior—hormonal
cycles in females—and emphasize the
continuing need for studies targeting the ways
in which gender influences drug abuse and
addiction risk.

Sidebar 5

People With Particular Gene
Variants May Suffer More Harmful
Effects From Drugs of Abuse

A longitudinal study of people followed

from birth to adulthood highlights the

complex interactions between genetics,

drug exposure, and age of use in the risk of
developing a mental disorder. The catechol-
O-methyltransferase (COMT) gene, which
comes in two forms, “Met” and “Val,” produces
an enzyme that regulates dopamine, a

brain chemical involved in schizophrenia.
Individuals with one or two copies of the

“Val” variant have a higher risk of developing
symptoms of psychosis (e.g., hallucinations,
delusions) or schizophrenic-type disorders if
they used cannabis in adolescence; no effect
was seen in those who did not carry this allele.

(Genetic variation in COMT influences
the harmful effects of abused drugs
201 Il No adolescent cannabis use
Il Adolescent cannabis use

-
[(3,]

Percent with schizophreniform
disorder at age 26
o 3

0 o
n= (151) (48) (311) (91) (148) (54)
Met/Met Val/Met Val/Val
k COMT genotype

Why it’s important: This study reveals
a new approach for understanding how
genetics, environment, and development
interact to increase vulnerability to drug-
related consequences.

Source: Caspi et al., 2005 — Biol Psychiatry 57:1117-1127
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Sidebar 6

-

Individuals vary in their response to drugs of abuse,
in part, because of genetic influences on brain circuits
that control emotional reactivity. The emerging field
of neurogenomics is beginning to reveal the crucial
pathways that connect genes to behaviors.

Genetic research has shown that functional variants

in the enzymes catechol-O-methyltransferase (COMT)
and monoamine oxidase (MAO); and in the serotonin
transporter (SERT) can affect the processing of
emotional stimuli, which may also be influenced by
other developmental and environmental factors.

COMT. This enzyme degrades the catecholamine neurotransmitters dopamine,
epinephrine, and norepinephrine. A less active variant of the gene for COMT
has been associated with improved working memory, executive functioning, and
attentional control, but also with a higher risk of anxiety-related behaviors.

MAO. This enzyme degrades the monoamines serotonin and dopamine. Several
genetic variations have been described that affect the levels of the MAO enzyme,
particularly during brain development, that contribute to individual differences in
aggressiveness.

SERT. This protein on the surface of some neurons plays a role in turning off

the response to serotonin. Variations in a gene that regulates SERT expression
affect the processing of aversive stimuli in the amygdala, the emotion center of the
brain. Carriers of a short variant show stronger amygdala reactivity to stimuli and to
particular contexts that are relatively uncertain and perhaps more stressful. This may
put them at increased risk for developing anxiety disorders.

Why it’s important: Vulnerability to addiction and other mental disorders likely
resides in brain circuits regulating such functions as executive control and emotional
reactivity. Identification of the genetic factors that influence these functions will
enhance our ability to identify those most at risk, allowing us to more effectively
target our prevention efforts.

Sources: Heinz et al., 2006 — Rev Neurosci 17(3):359-367; Volavka et al., 2004 — Ann NY Acad Sci 1036:393-398;
Heinz et al., 2007 — Biol Psychiatry 61(8):1011-1014
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Sidebar 7

The relationship between drug abuse
and other mental illnesses

Many people who have a substance abuse Prel?fﬂ.tj."g.-.nrw Use
disorder also have some other psychiatric S
disorder, and vice versa. For example, close
to 90 percent of people with schizophre- e e
nia smoke,'®!" for reasons that are not fully  fnani s
understood. Other studies show that exposure
to certain drugs may increase risk for mental
illness in vulnerable individuals (see Sidebar 5
on page 17). Thus, a continuing NIDA priority
is to unravel the intimate connections between
drug abuse and addiction and other mental
disorders. Good prevention hinges on a better
understanding of whether these disorders have
a shared origin, and of when early drug use
increases the risk for mental illness—or vice
versa.

Because comorbidity intersects with the
missions of other National Institutes of Health
(NIH) constituents (e.g., National Institute of
Mental Health), NIDA continues to work with
our coll'eagues to encourage researgh on Fhe prevention programs for youth. These are
epidemiology, genetics, and neurobiological highlighted in NIDA’s Preventing Drug
bases of comorbidities. Use among Children and Adolescents,

a research-based guide for multiple
audiences, including parents, educators,
and community leaders.

Research has revealed a number of basic
principles that underlie effective drug

3. Which parts of the brain are involved in
drug abuse?

Research shows that the brain circuits \_ )
affected by drugs of abuse are mainly

those involved in reward, decisionmaking,
emotional reactivity (Sidebar 6), motivation,
and cognitive inhibition. Drugs of abuse tend
to activate reward and motivational circuits
more effectively than natural rewards, leaving
behind robust memories of their effects. The
interactions among the densely interconnected
circuits mentioned above determine the

final course of action for an individual. For
example, if the reward, motivation, and

Our vision is broad and applies the full power of basic
and clinical research, neuropsychological testing, and
functional neuroimaging to help us understand not just
one molecule or one pathway at a time, but the addiction
circuitry as an integral part of a wider network. In this
network, pathways influence one another in highly
complex ways.

4. How are research results used to improve practice?

memory circuits overcome the inhibitory A general set of science-based prevention principles
control circuit, a person may compulsively has emerged from biological, psychological, and social
seek the rewarding stimulus, which could be science discoveries. This knowledge has been used to
drugs of abuse. Again, some of these circuits develop prevention programs with proven efficacy and
are not fully mature until early adulthood, effectiveness (see Sidebar 7). Similarly, to capitalize
making them potentially more vulnerable to on new research findings, NIDA sponsors a Prevention

disruption by exposure to drugs.
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Sidebar 8

Schools Adopt
Smarter Strategies
To Get the Message
® Across

Similar to ATLAS (Athletes
Training and Learning

to Avoid Steroids) for

male athletes, ATHENA
(Athletes Targeting Healthy
Exercise and Nutrition Alternatives) for
female athletes has the goal of increasing
healthy behavioral choices and preventing
drug abuse. Program activities, delivered
by coaches during a sports team’s usual
practice schedule, focus on the benefits

of healthy sports nutrition and effective
exercise training, as well as the dangers
associated with drug abuse and other
unhealthy behaviors. This intervention
correlated with reduced use of drugs—
including abuse of diet pills, stimulants,
and steroids—as well as with other
positive changes, such as healthier eating
behaviors.

ATLAS

Why it’s important: Innovative
prevention programs incorporated into the
school setting present an effective way

to reach young people, particularly when
delivered by role models whom young
people naturally admire and respect.

Source: Elliot et al., 2004 — Arch Pediatr Adolesc Med 158:1043
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Network of research centers nationwide. This network

integrates research from various disciplines to stimulate

its translation and to inform basic science hypotheses

that may help develop new approaches or refine existing

programs.

NIDA is also exploring new areas in prevention science,

such as the effects of physical activity on substance

abuse. Assessing aggregated neighborhood risk factors

can inform strategies for more effective programs that
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yield lasting results. These would synthesize
family, school, and community efforts.
Indeed, emerging research demonstrates
that prevention interventions can have
long-term and even cross-over effects (e.g.,
on driving behaviors and psychological
functioning),'>!*and can alter life
trajectories.

Although NIDA-supported research has
identified effective prevention programs,
they are not being widely implemented.
Therefore, we are looking to expand
research efforts on the factors that influence
the adoption and long-term sustainability
of evidence-based prevention initiatives in
schools and other settings.

How science can help refine prevention
messages

NIDA recognizes that, along with addressing
risk and protective factors, effective
messages also depend on incorporating
imaginative communication strategies aimed
at different target audiences. Such a tailored
approach is reflected in NIDA’s successful
school-based prevention programs for male
and female athletes (see Sidebar 8).

Changing times require innovative research-
based communication tools to help us
decode and incorporate the preferences

of young people, so that our prevention
messages are salient. Closer attention to
prevention science is increasingly critical in
a media environment where the landscape is
constantly changing. For example, research
on health-related e-tools, social networking
sites, virtual worlds, and other new media is
crucial. Trends suggest that the Internet may
be an inexpensive and effective means of
delivering interventions with a wide reach.

Our ultimate goal is to improve message
effectiveness with the intended audience.
The addition of new tools and methods of
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Il. Treatment

analysis help refine our interventions

and provide a means of testing how the N
brain reacts to prevention messages. Strategic Goal
Neuroimaging technology could be To develop succe